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Figure 1: Geometry (a) 2-D turning diffuser (b) 3-D turning diffuser
The physics of flow within 90o 2-D and 3-D turning diffusers how it 
affects the overall performance have been grasped. 
Performance correlation of 90o 2-D and 3-D turning diffusers 
integrating the effects of both geometrical and operating 
parameters have been developed. 
PRODUCT DESCRIPTION
The performance of turning diffuser regardless of its expansion
type, i.e., two-dimensional (2-D) or three-dimensional (3-D), as shown in
Figure 1 has been traditionally rated using the guidelines established
specifically for a 2-D turning diffuser. This has provided merely an
approximation and has often led to an inaccurate prediction of 3-D
turning diffuser performance. On top of that, the existing guidelines
have just integrated the geometrical effect by discounting the effect of
operating condition on the turning diffuser performance. Therefore,
the current work aims:
 To experimentally (Figure 2) and numerically (Figure 3) investigate
the performance (Cp, σout) of 2-D and 3-D turning diffusers for various
geometrical (Lin/W1, W2/W1, X2/X1) and operating parameters (Rein).
 To develop performance correlations as a function of geometrical
and operating parameters for 2-D and 3-D turning diffusers by means of
Asymptotic Computational Fluid Dynamics (ACFD) technique.
 Identifying the dependent and independent variables
 Linearizing the relationship between the dependent and independent variables
 Applying the Taylor series expansion
 Determining the convergence point and gradients
 Substituting all the constants to complete the correlations
NOVELTY & INVENTIVENESS
USEFULNESS & APPLICATION
PICTURES OF PRODUCT
(a) (b) (c)
Figure 1: Geometry (a) longitudinal section (b) 2-D turning diffuser (c) 3-D turning diffuser
(a) (b)
Figure 2: Experimental work (a) rig setup (b) stereoscopic PIV setup
(a) (b)
Figure 3: Numerical work – standard k-ε and enhanced wall treatment of y+ ≈ 1.1 – 1.8 
(a) 2-D turning diffuser (b) 3-D turning diffuser
(a) (b) (c)
Figure 4: Flow separation (a) formation (b) 3-D turning diffuser, S = 0.9Lin/W1
(c) 2-D turning diffuser, S = 0.5Lin/W1
(a) (b)
Figure 5: Secondary flow vortices (a) 3-D turning diffuser, Rein = 1.027 x 105
(b) 2-D turning diffuser, Rein = 1.397 x 105
Table 1: Performance correlations of 2-D and 3-D turning diffusers
 The physics of flow within 90o 2-D and 3-D turning diffusers how it
affects the overall performance have been g aspe (Figu es 4 and 5).
 Performance correlations of 90o 2-D and 3-D turning diffusers
integrating the effects of both geometrical and operating parameters
have been successfully developed as presented in Table 1 to satisfy
both CFD and experimental results within ±8%.
 The physics of flow particularly within the 3-D turning diffuser have
been grasped with credible performance data have been
established as benchmark.
 The developed correlations can be used henceforth by one to
evaluate the performance of turning diffusers without necessarily
running the full simulation or experiment.
 The same outlined methods particularly via ACFD can be applied to
develop performance correlations of other fluid systems.
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ACFD TECHNIQUE
Identification of dependent and 
independent variables
Linearization of relationship
Taylor Series expansion
Final Correlations
Convergence/gradient
3-D turning diffuser
2-D turning diffuser
Verification-parity plot
3-D turning diffuser, σout ±10.5% 2-D turning diffuser, σout ±7.5%
